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(S) Radiation curing ink. 



(57) A radiation-curing ink composition contains a vehicle mixture comprising : 

(A) an ingredient selected from the group consisting of a skeletai linear polyester oligomer having 1 to 
10 double bonds in a molecule and a polymer of the oligomer, (B) an ingredient selected from the group 
consisting of a double bond-containing carboxyiic acid wherein the acid has at least one acidic group 
which is capable of forming a water-soluble alkali metal salt in a molecule, a carboxyiic ester of the acid 
and a carboxyiic amide of the acid, (C) a double bond-containing carboxyiic ester, having 2 to 10 acidic 
groups which are capable of forming an alkali metal salt capable of swelling with water absorption, (D) 
an ingredient selected from the group consisting of a fluorinated double bond-containing carboxyiic 
ester wherein the fluorine component is oriented on the surface of a copolymer or polymer to give 
water-re pell ency, a block copolymer which comprises a surface-oriented and water-repellent fluori- 
nated alkyl group-containing polymer segment and a (meth)acrylic polymer segment, and a block 
copolymer which comprises a surface-oriented and water-repellent siioxane group-containing polymer 
segment and a (meth)acrylic polymer segment, (E) a double bond-containing polycarboxylic ester, and 
(F) an ingredient selected from the group consisting of a double bond-containing carboxyiic monoester 

2 and its amide, wherein the acid value of the vehicle mixture is from 5 to 100, is provided. 

^» The ink is useful in displaying and decorating trade names, designs, explanatory notes, bar code, etc. 

^ on specific thermoplastic products and the cured ink film is easily detachable with an aqueous alkali 

£2 solution. 
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Field of the Invention 

The present invention relates to a novel radiation-curing type printing ink useful for directly printing trade 
names, designs, explanatory notes, bar code, etc. on a plastic product if desired, a roughened surface of the 
5 plastic product for displaying and decorating, quickly curing the printed ink on a high-speed drying line to form 
a dried film capable of maintaining the quality required at the distribution stage, and after collection of the used 
product, dissolving or removing the film with an aqueous alkaline solution so that the base materials are re- 
covered in a clean condition. 

More specifically, the present invention relates to the radiation-curing type printing ink useful in displaying 
10 and decorating trade names, designs, explanatory notes, bar code, etc. on specific thermoplastic products 
such as polyethylene terephthalate resin products. 

Background of the Invention 

15 The therrnooiastic resin product particularly DOiyetnytene terephtna:ate product has been utilizes espe- 

cially for containers for various apDiicarions sines i: is free from toxicity. suDencr in gas-barrier ability and water- 
imcermeaoiiiry to cxner syrttnenc resins arc naving an exterior aopearance similar tc mat of csass. anc tne 
like. Sucn apniicatiens snciuae containers for ccsmescs anc rc;; ernes, mcuic seasonings, onnks sucn as Deer 
or coke. meaic;ne. c et erg errts. and tne tike. In many cases, explanatory nores and trace names nave been 

20 printsc on tne side waii cf the container tDocy witn tne printing inK mace from uitravioiet-cunng type resin as 
a vehicle. 

In recent years, the environment has been a matter of worldwide concern, and industrial waste, in partic- 
ular, the discharge cf indusma: prooucts in a large scale, has attracted public attention, which requires an urgent 
counter measure for its reduction. Covering a certain industrial product such as a metal product and glass prod- 

25 uct etc., collection of used product has commenced and while it is somewhat imperfect yet, the volume of dis- 
charge has now been decreased. 

However, the recovery system has not been functioned on any plastic product partly because most of them 
are combustible. This is attributable to the fact that the various types of plastic products are discarded as lump- 
sum. "plastic" since it is difficult to classify many plastic products by their types. In cases where the plastic is 

30 classified by its type and collected in groups of each type separately, it may be utilized as a secondary product 
upon processing for regeneration so that loss of thermal energy in incineration as well as pollution of the at- 
mosphere with C0 2 gas can be prevented. Thereby, a greater contribution may be expected in cleaning the 
erivfiuiniieiil ott the* e&rttr. 

Plastics, especially the reproducible thermoplastic resins, are the industrial products that have a merit in 

35 the recovery. But many plastic products contain various additives depending upon application purposes and 
end-usage, and the composition is not always uniform even if classified in the same resin category. 

Among them, plastic containers have a relatively stable composition even though they contain some quan- 
tity of additives to prevent deterioration in the quality of the contents, which makes the approach to the regen- 
eration easier. The container made of polyethylene terephthalate, in particular, is utilized as a transparent con- 

40 tainer for drinks on a big scale and the early realization of the system for its collection and regeneration stands 
a better chance as one of the promising products to be collected in a route reverse to that of sales channel 
similar to glass bottles. 

One obstacle in the collection and regeneration is the decoration, i.e. labeling or printing of marks, figures, 
explanatory notes and the like on the container to display trading image. An immediate task is how to conduct 
45 a lump-sum removal of the decorative portions without any sorting work after its collection to restore an original 
shape as the container materials. 

Summary of the Invention 

so The present invention has now solved this problem by introducing a radiation-curing type ink removable 

in a short time with an aqueous alkaline solution as applied in the case of removing a paper label as one of 
the measure to deal with the outstanding task. 

The present invention relates to a radiation-curing ink composition which comprises a vehicle mixture com- 
prising: 

55 (A) an ingredient selected from the group consisting of a skeletal linear polyester oligomer having 1 to 10 

double bonds in a molecul and a polymer of the oligomer, 

(B) an ingredient selected from the group consisting of a double bond-containing carboxylic acid wherein 
the acid has at least one acidic group which is capable of forming a wat r-soluble alkali m tal salt in a 
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molecule, a carboxylic ester of the acid and a carboxylic amide of the acid. 

(C) a double bond-containing polycarboxylic ester, having 2 to 10 acidic groups which are capable of form- 
ing an alkali metal salt which can swell with water absorption, 

(D) an ingredient selected from the group consisting of a fluorinated double bond-containing carboxylic 
5 ester wherein the fluorine component is oriented on the surface of a copolymer or polymer to give water- 

repellency, a block copolymer which comprises a surface-oriented and'water-repellent fluorinated aikyl 
group-containing polymer segment and a (meth)acryiic polymer segment and a block copolymer which 
comprises a surface-oriented and water-repellent siloxane group-containing polymer segment and a 
(meih)acrylic polymer segment 
10 (E) a double bond-containing polycarboxylic ester, and 

(F) an ingredient selected from the group consisting of a double bond-containing mono-carboxyiic ester 
and an amide of the ester, wherein the acid value of the vehicle mixture is from 5 to 100. 
The radiation-curing type ink comccsiiicn according to the invention is usee not only *cr the sursose c* 
protecting base surfaces and functional Darts temporarily but also mainiy for marking so tnat orinteo Items 
75 which are necessary during districutcn processes and fcr tne consumer, sucn as traae names, designs for 
ennancing tracing image, remarks cn the contents, expianatcry notes on handling, manufacturers names, bar 
coaes and the iike can bekec: in a siacie ccnciucn anc, uocn rts collector., me prims can oeremovec extreme; y 
easiiy cy a certain me: hoc ic enacie tne cciiecDcn and regeneration cf c;asi:c ma is najs. 

20 Detailed Description of the Invention 

The radiation-curing type ink composition according to the invention is characterized in that the mixture 
of the above-mentioned (A) to (F; is the major vehicle ingredient wherein the acid value of the vehicle mixture 
is from 5 to 100. 

25 In an aspect of the present invention, the alkali-detachable radiation-curing type ink according to the pres- 

ent invention is preferably produced by adding 0 to 20 parts by weight of a photopolymerization initiator, 0 to 
20 parts by weight of a photosensitizer, 0 to 50 parts by weight of an organic and/or inorganic pigment if nec- 
essary a small amount of additives including a surfacer (leveling agent), a defoamer (anti-foaming agent), a 
slipping agent, a thermal polymerization inhibitor, and the like to 100 parts by weight of the above-mentioned 

30 vehicle, and by kneading it well using a dispersing machine such as a roll mill, a dissolves a ball mill and the 
like. 

The radiation-curing type ink composition according to the invention is also characterized in that the mix- 
ture of the- dun vu f i cef iuui iwJ (A) to (P^ is lira riujjui iretiiUo* ingredient wtrarewr Ittc acid* vaJue of lira vehicle 
mixture is from 5 to 100 and the ink composition comprises additionally 0 to 20 parts by weight of a photopo-* 
35 lymerization initiator, 0 to 20 parts by weight of a photosensitizer, 0 to 50 parts by weight of an organic and/or 
inorganic pigment and, if necessary, a small amount of additives including a surfacer, a defoamer, a slipping 
agent a thermal polymerization inhibitor, and the like to 100 parts by weight of the above-mentioned vehicle. 

In a representative embodiment of the present invention, the radiation-curing type ink composition com- 
prises 

40 (1) the above-mentioned (A) to (C) and (E) to (F) components and, as the (D) component a fluorinated 

double bond-containing carboxylic ester wherein the fluorine component is oriented on the surface of co- 
polymer or polymer to give water-repeilency, or 

(2) the above-mentioned (A) to (C) and (E) to (F) components and, as the (D) component a block copo- 
lymer which comprises a surface-oriented and water-repellent fluorinated alkyl group-containing polymer 

45 segment and an acrylic polymer segment or 

(3) the above-mentioned (A) to (C) and (E) to (F) components and, as the (D) component a block copo- 
lymer which comprises a surface-oriented and water-repellent siloxane group-containing polymer segment 
and a (meth)acrylic polymer segment, 

wherein the acid value of the vehicle mixture is from 5 to 100 and the ink composition comprises additionally 
so 0 to 20 parts by weight of a photo- polymerization initiator, 0 to 20 parts by weight of a photosensitizer, 0 to 50 
parts by weight of an organic and/or inorganic pigment to 100 parts by weight of the above-mentioned vehicle. 

The present invention also relates to the novel radiation-curing type printing ink composition which com- 
prises the mixture of the above-mentioned (A) to (C) and (E) to (F) components and, as th (D) component, 
two or three members selected from the group consisting of a fluorinated doubl bond-containing carboxylic 
55 ester acid wherein the fluorine component is oriented on the surface of a copolymer or polym r to give water- 
repellency, a block copolymer which comprises a surface-oriented and wat r-rep (lent fluorinated aikyl group- 
containing polymer segment and a (meth)acrylic polymer segm nt t and a block copolymer which comprises a 
surface-oriented and water-repellent siloxane group-containing polymer segment and a (meth)acrylic polymer 
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segment, wherein the acid value of the vehicle mixture is from 5 to 100 and the ink composition comprises 
additionally 0 to 20 parts by weight of a photo-polymerization initiator, 0 to 20 parts by weight of a photosen- 
sitize r, 0 to 50 parts by weight of an organic and/or inorganic pigment to 100 parts by weight of the above- 
mentioned vehicle. 

5 In the case of the printing method according to the present invention, printing may be possible without 

any surface treatment of the thermoplastic resin product prior to the printing process but the surface of the 
thermoplastic resin product may be treated with flame, corona discharge or anchor coating. The composition 
of the radiation-curing ink according to the present invention is adhered to the plastic product in extremely dose 
contact due to the adhesiveness as well as stress-peeling preventive mechanism attributable to the low con- 
to tractivity based on the fundamental structure of oligomer having double bonds and/or polymer thereof. The 
dose adhesion of the composition according to the present invention to the plastic body construction even 
without any pretreatment provides a remarkable advantage in curtailing production steps in an overall printing 
process. 

Further, the alkali-removable radiation-curing tyoe ink comoosition according to the present invention con- 

15 tains the f iuorinated double bond-containing carDOxyiic ester and/orf Iuorinated bicck copolymer ane/or siiiccn 
block copolymer, and. upon Drifting, the fluorine and/or silicon rich parts are oriented or the surface, thereby 
affording chemicaJ resistance, waisr-repeuency. soil resistance anc aorasion resistance arc enhancing tne 
stability during distriDution cf onntec procucts as well as curing its acziai use. 

Moreover, the aikaii-removaDie raniaiion-cunng ink composition includes a mixture of aikaii met— anc dcu- 

20 ble bond-containing f polyicarbcxytic ester navinc an acid group wmch facilitates formation cf water soiunie sait 
or salt capaote of water- sweii in g, anc trie cured ink film is removed in a filmy form without difficulty from the 
used printed product by means of treatment with an aqueous alkaline solution. Thereby, regenerative plastic 
resins and products car: be recovered in a dean condition. 

The filmy detachment of cured ink film is caused by the permeation of an aqueous alkaline solution through 

25 the interface between body construction materials and ink film while preventing infiltration of an aqueous al- 
kaline solution from the surface due to the water- repel I en cy created by the surface orientation of double bond- 
containing f Iuorinated carboxylic ester and/or a f Iuorinated block copolymer and/or a silicon block copolymer. 
As such, the ink film so removed can be collected in a simple process such as filtration. There is no problem 
with water contamination since none of them are discharged into waste water. 

30 Furthermore, the scope of its application is further enlarged in view of the possibility that the volume of 

double bond containing f Iuorinated carboxylic ester and/or f Iuorinated block copolymer and/or silicon block co- 
polymer is reduced, and/or the volume of double bond-containing carboxylic ester which is water soluble or 
kftJIUciles ye? ret jtiun of wuter 3 wet ling attcaf? metat ssrtrisiritjutjseci/redijced to dijsciwj rh*& ink as & whole m 
an aqueous alkaline solution and to remove the ink from the surface of the plastic. 

35 The skeletal linear polyester oligomer having 1 to 10 double bonds in a molecule and its polymer represent 

an oligomer and/or polymer having radiation-polymerizable ,1 to 10 double bonds in a molecule which is not 
only indicating the characteristics of being polymerized with radiation by itself but also capable of polymerizing 
in combination with other radiation-polymerizable double bond containing compounds. 

The double bonds in the said oligomer and/or polymer indude those in a vinyl group, ally) group, 

40 (meth)acryloyl group, crotonyl group etc. but (meth)acryloyl is preferable because of its better poiymerizability 
when radiation is applied. 

For the oligomer and/or polymer having a (meth)acryloyl group, polyurethane-{meth)acrylate is used in 
particular as it has an adhesive nature in contact with the base or a flexible construction capable of following 
the expansion/contraction of the base, ft is more preferable to use polyurethane (meth)acrylate made from 
45 polyester polyol but in cases where extreme follow-up ability is required, polyurethane (meth)acrylate made 
from poly-1,4-butadiene polyol is also used. 

The copolymerized polyester polyols are synthesized mainly with dicarboxylic acid components and glycol 
components. 

The dicarboxylic acid component may indude an aromatic dicarboxylic acid such as terephthalic acid, iso- 
so phthalic acid and orthophthalic acid and the like in the main and is used in a volume of more than 60 mol%, 
and, for the purpose of affording flexibility, an aliphatic dicarboxylic acid such as succinic acid, adipic acid, 
sebacic acid, dodecane dicarboxylic acid etc. and an alicycfic dicarboxylic acid such as hexahydrophthalic acid 
and tetrahydrophthalic acid are also us d in a volume of less than 40 mol%. 

The glycol component may indude ethylene glycol, propylene glycol, 1,3-propan diol, 1,4-butanediol, 1,6- 
55 hexanediol, neopentyl glycol, diethylene glycol, dipropylene glycol, 1 ,4-cyclohexan dimethanol, spiro glycol, 
1 ,4-ph nylene glycol, bisphenol A ethylene oxide or polyethylene oxid additive, polyethylene glycol, polypro- 
pyl ne glycol, and the like. Depending on necessity, a small amount of triols or tetraols such as trimethylol 
propane, glycerine, penta rythritol and the like may be admixed. 
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In order to synthesize copolymerized polyester polyols from such dicarboxyiic acid components and glycol 
components, an excess amount of the glycol component is used per dicarboxyiic acid starting component. It 
is preferable to perform synthesis so that the terminal car boxy lie group may be maintained at less than 50 
eq/10 6 g in the resultant copolymerized polyester. In cases where it exceeds 50 eq/10 6 g, the target polyur- 
5 ethane (meth)acrylate product will not be obtained due to excessive increase of the inactive ends during re- 
action with diisocyanate compounds at the time of synthesizing urethane polymers. 

In order to obtain urethane a cry I ate from the copolymerized polyester polyol so synthesized, the said co- 
polymerized polyester, a poiyisocyanate compound and a compound having a (meth)acryioyl group as well as 
an active hydrogen group may be reacted. 
10 The poiyisocyanate compound may include 2,4-trilene diisocyanate, diphenylmethane diisocyanate, 1,3- 

diisocyanate methylcyclohexane, 1 ,4-diisocyanate methylcyclohexane, 4,4'-diisocyanate dicyclohexane, 4,4'- 
diisocyanate dicyclohexyimethane, isophorone diisocyanate and a variety of othercommercially available dih 
socyanates. 

In addition, when higher functions acryiates are reauired. poiyisocyanate in a ciass higher than tri-isocyanate 
is may be applied alone or in combination with the said diisocyanate. 

The chemical comoounc having a {meth lacryioyi group and an active hydrogen grouo refers to a compound 
having at least one douoie Dene anc sz least one nydroxyi group in one moiecuie. 

The double bone which can ne used i~ :ne present invention may be vinyl ic. aiiyiic. (rnetriacryiic. crozonic. 
etc. The (meth)acryloyi grauos are crevarec in view of their high sensitivity against raaianon. 

20 The chemical comnouncs having a {metnjacryloyl group and an active hycrogen grouc may maude di- 

hydric aicohoi mono(merh;acryiares such as ethylene glycol mono(meth)acrytate, propylene glycol 
mono(meth)acrylate, butanediol mono(meth)acrylate, diethylene glycol mono(meth)acrylate. dipropyiene gly- 
col mono(meth)acryiate and the iike; trihydric alcohol mono- or di-<meth)acryiates sucn as trimethylol ethane 
mono(meth)acrylate, trimethylol ethane di(meth)acrylate, trimethylol propane mono(meth)acrylate t trimethy- 

25 lol propane di(meth)acryiate, glycerine mono(meth)acryiate, glycerine di(meth)acryiate and the like; polyhyd- 
ric alcohol (meth)acrylates having a hydroxy group, including the (meth)acrylate of an alcohol containing 4 or 
more hydroxy groups, such as pentaerythritol mono(meth)acrylate, pentaerythritol di(meth)acrylate, pentaer- 
ythritol tri(meth)acrylate and di pentaerythritol tetra(meth)acrylate; a chemical compound having a hydroxy 
group, derived from (meth)acrylation of the caprolactone additive of the aforementioned alcohol; 

30 epoxy(meth)acrylates prepared by a ring-opening addition of (meth)acrylic acids with epoxy compounds, in- 
cluding monoglycidyi ethers; dihydric alcohol diglycidyl ethers such as ethylene glycol diglycidyl ether, poly- 
ethylene glycol diglycidyl ether, propylene glycol diglycidyl ether and neopentyl glycol diglycidyl ether poly- 
hydric atootrcrt giryodyt eth e is stfcftag li ii i t ethyM p i uudue trigtyodyt e th ei and the fifee; the grycrriyt ether of a 
chemical compound having a phenolic hydroxy group, such as bisphenol Agiycidyl ether and the like. 

35 These compounds may be used singularly or in combination of 2 or more kinds. 

The double bond-containing oligomer and/or polymer which is obtained by reaction of the aforementioned 
starting compounds may be acceptable if it contains at least one double bond, and those having one to 10 
double bonds are utilized for such application. For the purpose of avoiding any tack on cured film surface and 
maintaining adhesiveness and flexibility in contact with the base, it is preferable to keep at least 3 to 7 double 

40 bonds in a single molecule. 

The group consisting of a double bond-containing carboxylic acid wherein the acid has at least one acidic 
group which is capable of forming a water-soluble alkali metal salt in a molecule, its carboxylic ester and its 
carboxylic amide, is regarded, in general, as an H acid monomer 1 ' and, its homo polymer and a copolymer with 
higher contents of the acid monomer form water soluble alkali metal salts. 

45 The double bond in the carboxylic acid, carboxylic ester and carboxylic amide may be vinylic, allylic, 

(meth)acrylic, crotonic, etc. 

The (meth)acryloyl groups are preferable in this instance in view of their high radiation-curing ability. The acid 
group capable of forming a water soluble alkali metal salt includes a carboxyl group, sulfonyl group, phosphoryl 
group and the like but an introduction of carboxyl groups into the molecule may serve the purpose under normal 

so circumstance. Each molecule requires at least 1 to 2 carboxyl groups. 

While a simplest carboxyl group-containing acid monomer is (meth)acryiic acid, it is not desirable to be 
used as the starting materials for ink products owing to its strong odor and from the safety point of view. There- 
fore, the acid monomer is synthesized by reacting the compound having a double bond and a hydroxyl group 
in the same molecule, with a cyclic acid anhydride corresponding to its hydroxyl equivalent. The carboxyl 

55 group-containing acid monomers are an acid anhydride-carboxylated (meth)acrylic acid-alkylene oxide addi- 
tiv , an acid anhydride-carboxylated (m th)acrylicacid-caprolactoneadditiv , an acid anhydride-carboxylated 
(meth)acrylic acid-monoglycidyl ether additive, an acid anhydride-carboxylat d methylol (meth)acrylic amide, 
etc. 
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The acid anhydride includes succinic anhydride, maieic anhydride, itaconic anhydride, dodecylsuccinic anhydr- 
ide, phthalic anhydride, tetrahydrophthalic anhydride, etc. 

The aforementioned compound having at least one double bond and at least one hydroxy! group in one 
molecule can be reacted by addition of a cydic acid anhydride in an equimolar amount in view of the hydroxy 
5 group in the compound having at least one double bond and at least one hydroxyl group in one molecule fol- 
lowed by heating for a determined period to introduce the carboxyl group. The anhydride to be used for the 
introduction of the carboxyl group includes saturated aliphatic dicarboxylic anhydrides such as succinic anhydr- 
ide and the like, unsaturated aliphatic dicarboxylic anhydrides such as maieic anhydride, itaconic anhydride 
and thelike, alicyclic dicarboxylic anhydrides such as tetrahydrophthalic anhydride, hexahydrophthalicanhydr- 
10 ide and the like, aromatic dicarboxylic anhydrides such as phthalic anhydride, naphthenic anhydride and the 
like, tricarboxylic anhydrides such as trimellitic anhydride and the like. 

Furthermore, acrylic acid dinners and acrylic acid trimers produced as by-products in the synthesis of an 
acrylic acid monomer can be usee as they are as carbcxy! group-containing monomers. 

The carboxylic esters having an acidic group (other than a carooxyi group) caoable of forming a water- 
15 soluble alkali metal salt are phosphoric acid mono- cr di-eszers such as mono(meth)acryioxyet^ytphospnate. 
(meth)acryioxyethylphosDhoryiDheny'. d i( met h)acryloxyethyi phosphate and the like, sulfonic esters. such as 
^me:h)acryioxyethyisuifGnate. ditrne:n:acryicxyeinyisuccinytsuifcnate anc tne like. 

The above-mentioned aouoie Don a sr.z ac\z group containing csrooxyiic ester and' or caroox-yi-c aac amice 
may be used singularly or in a mixture of 2 or more, depending on desired final chysica; prooemes cf tne cured 
20 film and its amount tc be used may aisc ne determined in the similar consiceranon. 

The double bond-containing poiycarboxyiic ester having 2 to 10 acid groups in a moiecuie which is capable 
of forming a water-swelling alkali metal salt is regarded, in general, as an "acid oligomer" and, its homopolymer 
and/or a copolymer with higher contents of the acid oligomer has a high cross-iinking density. Its alkali metal 
salt also has the characteristics of swelling with water absorption. 
25 As in the case of the above-mentioned acid monomer, a preferred double bond-containing group in this 

instance is a methacryloyl oracryloyl group in view of its higher radiation-curing ability. Also, the same concept 
is applicable to the acid group which is capable of forming an alkali metal salt. Examples of such acid groups 
are carboxyl groups, sulfonyl groups and phosphoryl groups and the like but carboxyl is rather popular. While 
the number of the acid group used actually in the application for the present invention ranges from 1 to 10, 
30 the number has to be determined by the molecular weight of the acid oligomer but it is practical to adopt 2 to 
6 for the acid oligomer to be economically synthesized. The acid oligomer is so-called polyfunctional wherein 
the number of double bonds (number of functional groups) in a molecule is more than 2. The starting acid oli- 
yuiiier ruiviiKj 2. to 0 fwrctronai yjiuups are osect trr many cases. 

The acid oligomer is synthesized through a reaction of an epoxy-acrytate or met h aery late obtainable by 
35 ring-opening esterification of a poly-epoxy compound and an acrylic acid or methacrylic acid as starting ma- 
terials, with a cyclic acid anhydride to introduce a carboxyl group. 

The epoxy-(meth)acrytates includes aliphatic epoxy-(meth)acrylates such as neopentyl glycol diglycidyl 
ether-(meth)acryiic acid additives, 1,6-hexanediol diglycidyl ether-(meth)acrylic acid additives, trimethylol 
propane triglycidyl ether-(meth)acrylic acid additives, and the like; aromatic epoxyracrylates such as bisphenol 
40 A glycidyl ether-(meth) acrylic acid additives, epoxyphenolnovolak-(meth)acrylic acid additives, phthalic acid 
glycidyl ether-(meth)acryfic acid additives, and the like. 

The cyclic acid anhydride to be used for the purpose of introducing a carboxyl group into the epoxy- 
acrylate, may include succinic anhydride, maieic anhydride, dodecynyl succinic anhydride, phthalic anhydride, 
trimellitic anhydride, tetrahydrophthalic anhydride, hexahydrophthalic anhydride and the like. The products 
45 thus created are pendented in a half-esterif ied form of hydroxyl groups in the epoxy-acrylate by the acid an- 
hydride. 

The double bond-containing carboxylic ester having one or more acid groups may be used singularly or 
in a mixture of more than 2 types. The volume of application is determined depending upon the performance 
required for the ultimate physical properties of cured film. Taking this point in terms of acid value, the mixing 
so ratio and mixing volume must be determined so that the acid value of whole vehicle may be from 5 to 100, 
preferably in the range of 20 to 50. 

The water-repellent fluorinated double bond-containing carboxylic esters wherein the fluorine component 
in the copolymer is oriented on the surface of the copolymer molecule include fluorinated alcoholic residue- 
containing esters such as trifluoroethyl (meth)acrylate, tetrafluoropropyl (meth)acrylate, octafluoropentyl 
55 (meth)acrylate, heptadecafluorodecyl (meth)acrylate and the like as well as fluorinated macromers wherein 
the base chain has a fluorine group and the side chain is pendented with an acryloyl group, such as UNIRE- 
SIN™ series products manufactured by Shin-Nakamura Kagaku Kogyo K.K., Japan. 

These double bond-containing fluorinated carboxylic esters form a film wher in the fluorine components 
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in these double bond-containing fluorinated carboxylic esters are oriented on the surface thereof, to give the 
film water-repellency, chemical resistance and soil resistance. Furthermore, the film has the effect in facili- 
tating infiltration of an aqueous alkaline solution along the interface between the cured ink film and the base 
since polar groups are pushed toward the base. 

5 The double bond-containing fluorinated carboxylic ester is combined in the range of 1 to 20 parts by weight 

per 100 parts of vehicle, and preferably 3 to 10 parts or so. 

In cases where the volume of the double bond-containing fluorinated carboxylic ester is insufficient the 
chemical resistance, repellency and soil resistance of the ink surface is adversely affected, thus making it dif- 
ficult to maintain the value of the printed product at the distribution stage. In cases where it is excessive, the 

10 ink has deteriorated re coating ability, which makes multi-color printing difficult. Since such ink will be too water- 
repellent it is much detrimental to the infiltration of an aqueous alkaline solution for ink removal, thus lowering 
work efficiency. 

in the case of the biock ccoolymer made of a fiuorinatec alky! grou^-corrtaining poiymsr segment and a 
(metniacryiic oolymer segment (fluorine biock coDoiymer). tne {metmacrylic cocolymer segment is dissoivec. 

is on the contrary, in the radiation-curing venicie taking advantage of tne high degree of surface orientation cf 
the f lucre grouc contained in the moiecuie and eventually caught firmty within the hardened substance after 
curing. Tnerefore. tne curec fiim wii; get curaDie wsier-repeii entry, cnemicai resistance, sci: resistance anc 
abrssior resistance an-, ccn currency, tne oasr grcuc in tne venice is condensed at tne sice cf rrre case- 
thus improving me effect on inflitraDon of an aaueous alkaline soiuncn aiong tne interface oerween me nard- 

20 ened fiim anc tne case. 

On the (metn;acryiic poiymer segment contained in the fiuonnaiBc biock copolymer, various functional 
groups such as an amino group, alkylamino group, epoxy group, hydroxyl group, carboxyl group etc. can be 
introduced by selection of (meth;acryiic monomers. Tne fiuorinated biock copolymer carrying those functional 
groups can be optionally selected and utilized depending upon the physical properties required for the fiim 

25 product When the acid group capable of forming an alkali metal salt, like a carboxyl group, is included, the 
application volume is limited in the range of acid values such as from 5 to 100. Otherwise it may affect the 
acid value of the vehicle. 

These fluorinated block polymers are, for example, Modiper F™ series products manufacturered by Ninon 
Yushi K.K., Japan. The actual application volume of the fluorinated block polymer is 1 to 10 parts by weight 
30 per 100 parts by weight of the vehicle, but preferably about 3 to 7 parts. A predetermined volume of the flu- 
orinated block polymer is dissolved in double bond-containing mono carboxylic esters and/or amides which will 
ultimately constitute the vehicle composition followed by addition to the vehicle. 

Thv~kikiuK.uuyulyuiei txnrsuslmy of a srioxai ic ^uup-containrrTgpQtyiTfsraeyiuciiLciiiLl a^meHi^fcrytfcpuiy- 
mer segment (silicon block copolymer) can be used since it indicates good surface orientation. This silicon block 
35 copolymer is capable of affording not only water-repellency but also detachment ability from mold and abrasion 
resistance as it indicates better surface orientation similar to those of the fluorine block copolymer. Although 
the water-repellency of the silicon block copolymer is not strong as that of the fluorine block copolymer, it has 
excellent abrasion resistance, and the cured ink film using it has a special feature that prevents any scratches 
during distribution processes of the printed products. Furthermore, it will be effective for the removal of the 
40 film with an aqueous alkaline solution as intended by the present invention. 

In the case of the silicon block copolymer, various polar groups as mentioned above can be introduced 
into a (meth)acrylic polymer segment by selecting a (meth)acrylic monomer. These may be optionally selected 
and used depending upon the physical film properties ultimately required. 

The silicon block copolymers are, for example, Modiper- FS™ series products manufacturered by Ninon 
45 Yushi k,k., Japan. 

The application volume thereof is in the range of 0.05 to 10 parts by weight in 100 parts of the vehicle but 
preferably 1 to 5 parts by weight under normal circumstances. While it is somewhat inferior in water-repellency 
to the fluorine block-copolymer, an increase in the volume is not necessary to make it up, instead, it is desirable 
to avoid possible deterioration of recoating ability when using bigger volume. 

so A predetermined volume of this block silicon copolymer is dissolved in double bond-containing monocarboxylic 
esters and/or amides which will ultimately constitute the vehicle composition followed by addition to the vehicle. 

The fluorine block copolymer and/or silicon block copolymer can be used in combination with the double 
bond-containing fluorinated carboxylic ester in a composition comprising either two or three of them. In such 
a case, a synergetic effect including the excellent water-repellency of the silicon compound and the excellent 

55 abrasion resistance of the silicon block copolymer can be obtained upon combining the two compounds but 
in th case of such a combination, the volume of th fluorine compound shall be 2 to 4 times that of the silicon 
block copolymer so that the intended purpose may be satisfied to the best extent. 

!n the case of such a combination, the overall application volume may be 1 to 10 parts by weight per 100 parts 
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of vehicle, most preferably in the range of 3 to 7 parts by weight. 

The double bond-containing polycarboxyiic esters refer to compounds having two or more double bonds 
and sold commercially as conventionally called a "polyfunctional monomer" or a "polyfunctional oligomer". Typ- 
ical of those polyfunctional monomers are dihydric alcohol di(meth)acrylates such as ethylene glycol di- 
(meth)acrylate, triethyiene glycol di(meth)acrylate, tripropylene glycol di(meth)acrylate, 1 ,4-butanediol di- 
(meth)acryiate, 1,6-hexanediol di(meth)acrylate, neopentyl glycol di(meth)acrylate t hydroxypivalic acid neo- 
pentyl glycol di(meth)acrylate, EO(ethylene oxide)-modified bisphenol Adi(meth)acryiate, dicyciopentanyl 6'h 
(meth)acrylate and the like, trihydric alcohol tri(meth)acryiates such as trimethyiol ethane tri(meth)acryiate t 
trimethylol propane tri(meth)acrylate, glycerine tri(meth)acrylate, tris[(meth)acryloxyethyi]isocyanurate and 
the like; polyhydric alcohol (meth)acrylates such as pentaerythritol tetra(meth)acryiate, ditrimethyiol propane 
tetra(meth)acrylate, dipentaerythritol hexa(meth)acrytate and the like. It can be allowed to contain partially 
unesterified hydroxy groups upon esterif ication of trihydric or polyhydric alcohols with (meth)acrylic acids, it 
can be aisc a* i owed to have hydroxy erotics oroduced upon ring-ooeninc esterif ication of eocxy groucs with 
(metmacryiic acids. 

The DOiyfuncuonal oligomers are oligomers excluding the double bond-containing linear ooiyester oligo- 
mers and/or oaiymers set forth in Claim 1 . Tyoicai of t nose ooiyfuncrionaJ oligomers are epcxy {methiacryiaie. 
urernane ;me:n;acry.si£ T polyester (rrjerniacry.axe. ociyerner tmern:acryisre. poiycuiaaiene (merr:;acrytais. 
and t*7e like. 

Among eocxy (mem) aery iat£. most conventions; examoies are a Disoneno;-tyoe ccmpounn of trre formula 
(1): * ' 



OK 



OH 

i 



O) 



wherein n is 1 to 4 and R is H or CH 3 , and 

those wherein the bisphenol skelton is substituted with bisphenol A, bisphenol F, bisphenol S or the like in the 
aforementioned formula (1). A phenolnovoiak-type epoxy (meth)acrylate having the folumula (2): 



R OH 
I I 
CH 2 =C-C0O-CH 2 CHCHz 0 



-o- 



CH, 



4^ 



OH R 
CH 1 Q p OCH 2 -CHCHz -OCOC=CH 2 



OfcCHCHz-OODOCHa 
OH R 



(2) 



wherein n is 1 to 4 and R is H or CH 3 , can be used. 

The oligomers include aliphatic epoxy (meth)acrylates such as epichlorohydrin-modified (poly)alkylene 
glycol di(meth)acrylates and epoxylated soy bean oil (meth)acrylates, alicyclic epoxy (meth)acrylates such 
as a compound of the formula (3): 



R 

I 



CH 2 =C-C0O-jJV- CHaOOC-R, <CCCHz — 0— OCOC^Ha 
HO OH 



(3) 



wherein R is H or CH 3 and R 1 is a residue derived from dicarboxylic compounds by exclusion of -COOH groups 
therefrom, depending on demand. 

The urethane (meth)acrylate includ s a compound having th formula (4): 
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R OH HO ^ R 

CH 2 =C-COO- X-^OC-N-Ri -N-CO- X -L- OCOOCHs 



wherein n is 1 to 4, R is H or CH 3 , R 2 is a residue derived from diisocyanates by exclusion of -NCO groups 
therefrom, and X is a residue derived from polyols by exclusion of OH groups therefrom, and the like. 

In the formula (4), the isocyanates include aromatic diisocyanates such as trilene diisocyanate, 4,4-diphe- 

10 nylmethane diisocyanate, xylyiene diisocyanate and the like, aliphatic diisocyanates such as hexamethyiene 
diisocyanate, trimethyl hexamethyiene diisocyanate and the like, ali cyclic diisocyanates such as isophorone 
diisocyanate, methylene bis(4-cyclohexyiisocyanate) and the like and the polyols include glycols such as ethy- 
lene glycoi, propylene giycoi. 1 ,4-buranedioi, 1 .S-hexanedicL poiygiycoi ethers, bisohenoi ethers suzr, as 
ethoxyiated bisphenoi A and the like. SDiro giycoi. caproiactone-modified diols. caroonarea ciois and the like. 

15 The urethane (rnetrnaerylaie can be seieciec from tnose soic commerciaiiy and syntnesizec Dy me:na- 

cryiaring or acryiatinc the terminus cf a Lire tare prepared by combination of the diisocyanate with the poiyol. 
Tne polyester { met n; aery ;ste is s ccmncunc of *ne formula (5;: 



20 V = ! ! (d) 

CSz <-C00 — C-X-OCC-Y-CO — I — CX - OCOOCRs 
L Jn 



wherein n is 1 to 5. R is H or CH 3 , Ri is H or CH 2 =C(R)COO-, X is a residue derived from polyols by exclusion 

25 of OH therefrom, Y is a residue derived from dicarboxylic compounds by exclusion of -COOH groups therefrom, 
etc. A number of such compounds are commercially* available and can be selected from those known in the 
art, depending on requirements. 

The polybutadiene (meth)acrylates include those synthesized by methacrylating or acryiating liquid poly- 
butadiene having at least two terminal hydroxy! groups, compounds wherein the hydroxy! group is coupled with 

30 a (meth)acrylic ester having a hydroxy! group through a diisocyanate. Typical of those are commercially avail- 
able chemicals such as Quinbeam-101 ™ (Nippon Zeon, Japan), TE™ resins (Nippon Soda, Japan), and Ml- 
KERON NU-A™ (Hayakawa Rubber, Japan). 

Tmy- purpose? or usiffo, fcfrw pofjrfui rctiuf tdl monomer sndfar* uiiyuiiwi' ts to crests? tnrce^hrr re naiona t cross- 
linking when polymerization is conducted with radiation and to afford film hardness, gloss, water-tightness, 

35 chemical resistance and abrasion resistance. 

The above-mentioned polyfu notional monomer and/or oligomer may be used independently but in many 
cases a mixture including two or more types is added as the vehicle component. The application volume is 
determined in consideration whether the cross-linking density during the curing process is satisfactory in ad- 
dition to the other consideration on physical properties thereof such as solubility, and viscosity as well as the 

40 other vehicle ingredients. Further, in accordance with the intended purpose, adjustment of acid values of the 
vehicle will also be one restriction condition on the determination of application volume in order to achieve the 
elimination with alkali (which is the very subject of the present invention). In normal cases, 5 to 20 parts by 
weight out of vehicle (100 parts) is used but in case of excessive application, removable stress may occur due 
to cross-linking contraction during a curing process and the ability of adhering to the base may be hampered. 

45 The radiation-curing double bond-containing monocarboxylic acid ester and/or amide is a "mo nofu notion al 

monomer" which has a single radiation-curable double bond in a single molecule among the so-called mono- 
mers contained in the radiation-curing type resin compositions, which is used mainly as a diluent to adjust vis- 
cosity in the composition. A number of monofunctional monomers are known in the art. Typical of those mono- 
functional monomers are 2-ethylhexyl (meth)acrylate, cyclohexyl (meth)acrylate, dicyclopentanyl 

so (meth)acryfate, benzyl (meth)acrylate, phenoxyethyl (meth)acrylate, tolyloxyethyl (meth)acrylate, ethoxye- 
thyl (meth)acrylate, ethylcarbitol (meth)acrylate, isobornyl (meth)acryiate, methoxypropylene glycol 
(meth)acrylate, acryloylmorpholine, N-vinytpyrrolidone, N-vinylcaprolactam, N,N-diethylaminoethyl 
(meth)acrylate, t-butylaminoethyl (meth)acrylate, etc. 

Furthermore, the adhesiveness of the monofunctional monomer is remarkably improved when it includes 

55 a polar group such as a hydroxy! group, epoxy group, phosphoric ster group and the like in its molecule, which 
may be utilized to the extent not to deteriorate water-tightness in the present invention. 

Such monofunctional monomers include 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 
3-butoxy-2-hydroxypropyl (meth)acrylate, caproiactone-modified 2-hydroxyethyl (meth)acrylat , 3-phenoxy- 

9 



EP 0 588 534 A2 



2-hydroxypropyl (meth)acrylate, glycidyl (meth)acrylate, EO-modrfied butoxylated phosphoric acid 
(meth)acrylate, etc. 

These monofunctional monomers are applied alone or in admixture with two or more components. The 
amount of monomer can vary between 5 and 40 parts per 100 parts of the ink vehicle. The viscosity may be 
5 conventionally controlled between 10 and 30 parts of the monofunctional monomers. 

The aforementioned ink vehicle components are mixed in the desirable ratio determined through experi- 
ments to produce ink vehicles. The composition ratio is determined by adjusting the acid value from about 5 
to 100 in order to achieve the prime purpose of the present invention which is to remove the ink with an aqueous 
alkaline solution. In producing the ultra-violet-curing type ink by using the vehicle so obtained, a photopoly- 
10 merization initiator, a photosensitizer, an organic and/or inorganic pigment and other additives can be added, 
but when applying EB (electron beam) curing, the photopolymerization initiator and the photosensitizerare not 
necessary. 

A number of phoicpoiymertiation inrtiaisrs which car be used in ultravioiet-initiatsd poiymenzatior are 
known in :ne art Typical of those available initiators incsuoe Denzophenone. dietnoxyacetopnenone. 1-nyarox- 

is ycycicnexy; onenyi ketone. 2-methyi-{^meinyitniCDneny^ /-2-mcrr:hoiinccropan-'!-Gne. benzoyl aikyi erner, 
benzii. benzildimethylketai. esmchorcuincne. 2-ethylanrhraouinone. methyl benzcylbenzcazs. ^--rnenviben- 
zopnencne. 2.2 : -aime:ny!-^met"cxyT>enzccnencr:s. rnicxanesor.. 2.4— Cierrryirhicxa n: none, meiny; snenyi- 
gjycxyiss. ser^yishosrnine zx\ce. *! - trnr- ezry-ze rzzz vi ^ ; r n e rryi z r. osz rr : n e ox ice. ezz. 

Typicsi of known Dhotcsensinzsrs are tnetnanoisrr;ine. rrierrryictetnanoiamine. tn iscDrccanoi amine. 4.4 f - 

20 d iethyi ami none nzoonenone. etry: ^^!rnetnyiarn!ncDen~ate. rvDutcxystr-yi 4-aime:~yiamtnoDer;zca:e. isoa- 
myl 4-dimeinyiammoDerrzoare t anc rne iike. 

The above-mentioned photopolymerization initiator may be used alone but, in many cases, its photopoly- 
merizability is improved in a combined use witn the pnoiosensitizer. The mosr suitable photo-polymerization 
initiator and photosensitizer can be selected depending upon the vehicle composition to be applied. The stan- 

25 dards applicable to such selection is curing speed, coloration during curing processes, existence of combined 
use of pigment, strength of odor after curing and the like, which is modified upon studies reflecting respective 
purposes. The application amount is possibly in the range of 1 to 20 parts by weight for the photo-polymeri- 
zation initiator and photosensitizer respectively as against the ink vehicle as a whole but it is not preferable to 
use a large amount in view of the resultant effect that the molecular weight will not increase and the strength 

30 of the cured film will deteriorate and undesirable strong odor will be generated though curing progress will get 
accelerated. 

The most preferable application range is 2 to 10 parts by weight in combination use of both of them. In such 
csscv U li- anruui it idtro befcwweirfctrs ^KjtuviulyiiiciiTzatPOTTiTrrtidtUf <jskI pftatn&eiTSitiZBi to rajus wi varies dc- 
pending upon the type and composition of the vehicle available. Also, in the case of ink containing an additional 
35 coloring pigment described below, the said ratio has to be changed reflecting the unique ultraviolet absorption 
ability of the pigment. 

The pigment is roughly classified into an organic pigment and an inorganic pigment according to the chem- 
ical composition. It can be also classified into a colored pigment and a colorless pigment (extender) in view of 
the application. With reference to the radiation-curing, the role of the end use classification is more important. 

4Q Among the colored pigments, the inorganic pigments include white pigments such as white lead, zinc oxide, 

zinc sulfide, titanium dioxide and the like, blue pigments such as ultramarine blue, iron blue, cobalt blue and 
the like, green pigments such as chromium oxide, pyridium, chrome green and the like, chrome yellow, titan 
yellow, iron oxide yellow, molybdate orange, cadmium pigments, yellow to red pigments such as red oxide, 
black pigments such as iron black, titan black, carbon black and the like, metal pigments such as aluminium 

45 powder and bronze powder, pearl pigments such as mica. However, there are many types of the inorganic pig- 
ment which can not be used for sanitary reasons. 

Thus, a harmless one is selected out of the above-mentioned pigments. The organic pigments include mono- 
azo-pigments, diazo- pigments, condensed azo-pigments, indanthrone pigments, indigo pigments, thioindigo 
pigments, quinacridone pigments, phthalocyanine pigments, dioxazine pigments, isoindolinone pigments, pyr- 
so ro I o pyrrole pigments and the like. 

It is desirable to select the pigment with fast color having strong light resistance in compliance with the radiation 
curing method. 

The application amount of the above pigments varies depending on the int nded color d pth but in most 
cases itfalls in the range of 0.5 to 50 wt%. While the amount is restricted by coloring strength, b ing the pigment 
55 specificity, the amount ranges from 1 5 to 40 wt% in the case of titanium dioxide (representative white pigment), 
and from 3 to 6 wt% in the case of carbon black (black pigment). In the cas of an organic pigment, 3 to 10 
wt% is desirabl in order to attain distinct color and 4 to 6 wt% is desirabl when curing is conducted with ul- 
traviolet radiation. Generally speaking, the vehici described in Claim 1 has better dispersing ability since it 
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contains many polar groups like a carboxyi group. However, in order to achieve still better coloration, a large 
amount of pigment is combined with the vehicle which includes a small amount of pigment dispersing agent, 
thus creating a condition physically susceptible to crushing pressure by utilizing improvement in the viscosity 
owing to its oil absorption, followed by sufficiently kneading with the conventional medium dispersing equip- 

5 ment in the coloring material production industry, such as a ball mill or roll mill. When the ink is composed by 
mixing, the resultant dispersed pigment (toner) in a high concentration is adjusted with the additional vehicle 
to meet the predetermined pigment density. 

For the radiation-curing type ink component employed in the present invention, which is detachable with 
alkali, various colorless pigments (extenders) may be utilized for the purpose of maintaining the special feature 

w as a printing ink such as viscosity, fluidity and thixotropy, of maintaining and increasing ink thickness, and of 
affording contraction buffer while curing, surface dull-finishing, and siipperiness, as well as of improving 
film* strength. The popular extenders include inorganic types such as talc, kaolin, silica, precipitated barium 
sulfate, precipitated calcium carbonate, aiumina white, wnixe carbon and the like, and waxes such as ooiyetny- 
lene wax, polypropylene wax. Dolyfiuonnatec ooiyeihyiene wax and the like, and fine Dowaers of artrficiai 

is and/or natural polymers such as a poiyamiae resin, poiyinice resin r meiamine resin, or oenzogu an amine resin, 
celiuiose. coiiagen and the like. 

Tne amount of those Digmerrs may oe csncnaiiy aersrmineo in compliance witn ir,e resoecnve purpose. A sur- 
facer and/or aefoamer may ze in-sucec :n :ne radiaacr-cunnc :ype ink ccrr.ocsrtcn accorcing xz :ne present 
invention whicn isaecacnaDie with aikaii in oroerto adjust the fimsmng condition of tne cureafiim. These scents 

20 shall be selected from the various types of surfacers and def Gamers available in the market througn experi- 
ments as tc whetner tney are well netted in the vehicle composition and provide surface smoothness. Appli- 
cation types or amounts thereof never impose a restriction on the contents of the ink composition according 
to the present invention, and tney may be determined from time to time but normally as a total volume of the 
surfacer and/or defoamer, they are used in an amount of from 0.5 to 5 wt% per overall volume of ink. 

25 In addition, an ultraviolet absorbing agent, a wetness improving agent, an anti-ox id izing agent and the like 

may be employed as the case may be. 

The ink using the radiation-curing type ink composition according to the present invention which is detach- 
able with alkali is used mainly for a screen printing method but it may be useful in other applications such as 
other printing methods such as flexography and gravure printing when it is adjusted to have less viscosity with 

30 the help of an organic solvent or a mixture thereof. 

The printings with the radiation-curing type ink having a removable nature by alkali on polyethylene ter- 
ephthalate resins can be easily and removed by dipping the printings in a aqueous strong alkaline solution such 
35 soctiufTT hjrtiniwdc arret potHssmnT hydroxic^e for a short time afrd ncthdtsuc Licutineulsucfr 3S frydiutysis ott 
polyethylene terephthalate is required. For removal, there are several steps ranging from dissolving detach- 

35 ment to filmy detachment, which make it possible to attain the intended performance by controlling the volume 
ratio of (B), (C) and (D). In any case, selection of detachment conditions is determined considering the method 
of waste treatment after removal but after detachment the polyethylene terephthalate resin can be recovered 
in a condition clean enough for regeneration and re-use through rather a simple method such as washing with 
water and drying. 

40 While the condition for detaching the ink composition by alkali varies depending the ratio of weight of (B), 

(C) and (D), it is preferable to have alkaline concentration at 5% or more, temperature at 70 °C or more and 
duration for 5 minutes or more. However, it may be practical to use an alkaline concentration of 1% and a tem- 
perature of 50 °C by applying an extended time of immersion in an alkaline solution or immersion while brushing 
the printed surface, or by controlling the ratio of (B), (C) and (D), or by reflecting additional conditions brought 
45 by the printing and curing processes and the like. 

When the alkali removing treatment is adopted on a commercial scale, it may be performed by the selective 
application of those conditions. 

The method for printing letter, design, figure and the like with the above-mentioned printing ink includes 
a silk-screen printing method. In this method, in general, a silk-screen with the range of 254 to 330 mesh is 
50 normally utilized. A roughened surface of the plastic product may be preferably printed with the printing ink. 

Further, the ultraviolet radiation used on the printing surface with the printing ink containing the said ra- 
diation-curing resin vehicle is conducted normally using a high pressure mercury-vapor lamp or metal halide 
lamp and the like, wherein its wavelength is 200 to 450 nm or so. 

The integrated ultraviolet exposure is pr ferably in the range of 100 to 500 mj/cm 2 . Also, in the case of electron 
55 radiation, the radiation volume is normally in the range of 10 to 100 KGy, preferably in the range of 30 to 60 
KGy. 

The method for printing the plastic product is to first carry out printing with the printing ink having the ra- 
diation-curing type composition according to the present invention, and then to harden the radiation-curing in- 
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gredients in the printing ink by applying radiation to the printed surface. 

For the thermoplastic resin product various resin products such as polyester resin products and polyolefin 
resin products can be utilized but, among all, the polyethylene terephthalate product is particularly preferable. 
The polyethylene terephthalate which can b used in the present invention stands for polyester having ethylene 
5 terephthalate repeating units, which compris s basically terephthalic acid as the acid content and ethylene 
glycol as the glycol content, but may contain at least one acid component and at least one glycol component 
for copolymers. 

The acid component may include isophthalic acid, diphenyl ether-4,4'-dicarboxyiic acid, naphthalene-1,4- or 
-2.6-dicarboxylicacid, adipic acid, sebacicacid, decane-1,4-dicarboxylicacid, hexahydroterephthalicacid, and 

10 the like. The glycol component may include propylene glycol, 1,4-butanediol, neopentyl glycol, diethyiene gly- 
col, polyethylene glycol, polypropylene glycol, polytetramethylene glycol, cyclohexanedimethanol, 2,2-bis(4- 
hydroxyphenyi)propane, 2,2-bis(4-hydroxyethoxyphenyi)propane, p-hydroxybenzoic acid, and the like. The 
acid and giyco! components nay be each mixed witnm the range of less than 50 wt% fcr eacn content in the 
coDoiymer content as a whoie. 

75 The poiyethyiene terephthaiate may contain additives such as a coloring agent, an uitraviciet-aDsorsing 

agent and an anti-static agent in an a neonate orcocrtion as the case may be. 

The poiyethyiene tense rrt ha: ate oroctjct induces containers maae cf. as starting rnarena:s. saturate*: poly- 
esters suzr. as coiyethyiene terse nth a; are zy moiainc. 

The containers tD se usee in tne met nod for pnnnnc on tne surface of a container ooav mauae ooiyesier 

20 containers attained dv ore cesses sucn as hojiow molding, diow molding witn douoie axie extention or injection 
molding and the ?ike. 

The following working examples and preparation examples are intended to illustrate the invention in further 
detaii ana shouid cy no means be construed as limiting the scope of the invention. 

25 Preparation Example 1 

A double bond-containing oligomer and/or polymer which can be used in the following Working Examples 
is prepared by urethane-acrylating the copolymerized polyester polyols of the following composition (1) with 
the following compositions (2): 
30 (1) Copolymerized polyester polyol 







A 


B 




(Dicarboxylic acfd components) 






35 


Terephthalic acid 


30 


50 




Isophthalic acid 


30 


50 




Orthophthalic acid 


40 




40 


(Glycol components) 








Ethylene glycol 


55 


50 




Neopentyl glycol 


45 


50 


45 


Molecular weight of copolymer 


1900 


3000 






(part by weight) 



(2) A double bond-containing oligomer and/or polymer 

so 



55 
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(Copolymerized polyester polyol components 


A-1 


B-2 


A 


100 




B 




100 


(Polyisocyanate components) 






Isophorone diisocyanate 


28 


i 


(Hyroxyi group-containing methacrylic or acrylic esters) 




; 


Pentaerythritol triacryiate 




i 

40; 


2-Hycrcxyethyl acryiate 






Molecular weight 


2500 


3600 



issn by we; err:: 



25 



30 



2q Preparation -ucarnpie 2 

A double bond and carboxyl group-containing carboxylic ester is prepared as follows: 
(a) 

Bisphenoi Aglycidyl ether (190.0 g, 190.0 epoxy equivalents), acrylic acid (75.0 g, 1.05 mol), dime- 
thyl benzylamine (2 g) and p-methoxyphenoi (0.2 g) were placed in a flask equipped with a thermometer, 
stirrer and reflux condenser and dissolved homogeneously followed by heating to 80 °C and standing for 
24 hours to afford an epoxy acryiate with 10.3 acid value. Then, the product was reacted with phthalic 
anhydride (140.6 g, 0.95 mol) and the mixture stood at 80°C for 5 hours to produce a bisphenoi A epoxy 
acryiate-phthalic ester (viscous pale yellow product, 130.7 acid value), 
(b) 

Epoxy novolak resins (190.0 g, 190.0 epoxy equivalents), acrylic acid (75.0 g, 1.05 mol), tetramethy- 
lammonium chloride (2.0 g) and p-methoxyphenol (0.2 g) were placed in a container similar to the above 
(a) and dissolved homogeneously fallowed by heating to EQ°G and standing fox 24 hours to afford an epoxy 
acryfate with 10.5 acid value. Then, the product was reacted with succinic anhydride (95 g, 0.95 mof) and 
the mixture stood at 80 °C for 5 hours to produce an epoxy novolak acrylate-succinic ester (viscous pale 
yellow product, 145.2 acid value), 
(c) 

Glycerine trigiycidyi ether (150.0 g, 150.0 epoxy equivalents), acrylic acid (75.0 g, 1.05 mol), tetrabu- 
tylphosphonium bromide (2.0 g) and p-methoxyphenol (0.2 g) were placed in a container similar to the 
above (a) and dissolved homogeneously followed by heating to 80 °C to afford an epoxy acryiate with 9.5 
acid value. Then, the product was reacted with hexahydrophthalic anhydride (145 g, 0.95 mol) and the 
mixture stood at 80 °C for 5 hours to produce a glycerine epoxy acrylate-hexahydro phthalic ester (viscous 
pale yellow product, 141.3 acid value). 



35 



40 



Working Example 1 

The double bond-containing oligomer obtained in Preparation Example 1, B-1 (24.4 g), an aliphatic ur- 
ethane acryiate (7.8 g), a fluorine macromer (25.7 g), monoacryloyloxyethyl phthalate (6.3 g), the bisphenoi 
A epoxy acryiate-phthalic ester obtained in Preparation Example 2, (a) (3.2 g), trimethylol propane triacryiate 
(2.0 g), phenoxyethyl acryiate (14.2 g) ( and acryloylmorpholine (16.4 g) were mixed to give a vehicle mixture 
with 17.6 acid value. 

One hundred parts of the vehicle were admixed with 15 parts of mistrone vapor talc, 1 0 parts of benzildi- 
methyl ketal, 5 parts of dimethylaminobenzoic acid ethyl ester, 3 parts of polyethylene wax powders and 1 
part of a surfacer, BYK-306™ (Byk-Mallinckrodt Chemische Produkte GmbH) and 0.1 part of a thermal poly- 
merization inhibitor, phenothiazin and the mixture was treated by a roll mill to produce a colorless ink with 
dispersion particle sizes of less than 5 microns. 

An untreated polyethylene terephthalate sheet was screen printed with the ink thus obtained by means 
of a 300 mesh Tetron™ screen and the printed product was radiated with a 120 W/cm metal hafide lamp to the 
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extent of integrated ultraviolet exposure of 200 mj/cm 2 to obtain a cured film. The film so prepared did not show 
any sign of exfoliation at a peel-off test with a cellulose adhesive tape but it showed close adhesion to the base. 

When the cured film prepared under the same condition was kept in a 2% aqueous solution of sodium hy- 
droxide at 70 °C for 20 minutes, the cured film detached in a filmy form and no trace of prints was observed 
5 on the polyethylene terephthaiate base. 

Working Example 2 

The double bond-containing oligomer obtained in Preparation Example 1 , B-2 (177 g) was dissolved in 118 
10 g of phenoxyethyl acrylate, and the resultant solution was mixed with a pigment dispenser (1.5 g, SOL- 
SPERSE™ 24000/SOLSPERSE™ 5000=4/1 . manufactured by ICI, Great Britain), followed by addition of He- 
liogen Blue-L-7080™ (manufactured by BASF). The mixture was kneaded extensively with a roll mill to produce 
toners with dispersion parti cie sizes cf iess ir.ar. 5 microns. 

The toners thus obtained (41.6 g> were well mixed with diDentaerythritol hexaacryiate (5.4 g). trimetnyioi 
is propane triacryiate (4.5 g). trimetnyic; procane trie Doxy-acryi ate (4.6 g), moncacryioyioxyetnyi phthaiate (5.7 
g). the glycerine eooxy acryiate-hexahydroDhthaiic ester obtained in Preoaratior: Examnie 2. (z) ilJl g;. ccts- 
fiuoropentyi acryiaie (6.5 g anc acr/\ c yi men: r; c; ;n e (21 .0 g) to give coiorec ihk venices (wrtr 2". .5 aziz vajuej. 

One hundred parts of tne coiorec ir.K venicie were admixec wrtn 2.C g cf a z n gig do\ vn enznr z n ir.~:aizrr. 
diethytthioxantnone. 3.0 g of a cnorcsensiizzer. isoamyl 4-dimetnyi ami node nzoate . 35 g of srecictatec oanum 
20 sulfate, 3 g of fluonnaiso Doiyetnyiene wax. 2 g of a surfacer (VERSA-FLOW BASE 7 * manufacturee zy Sham- 
rock Chemicais Corp.), 0.04 g cf a thermal polymerization inhibitor, p-methoxyphenoi and weii mixed by stirring 
followed by kneading by a roll mill to give a homogenous blue ink. 

' An untreated poiyetnyiene terepnthaiate sheet was screen printed with the ink thus obtained in the same 
manner as described in Working Example 1 and the printed product was radiated with a 120 W/cm metalhalide 
25 lamp to the extent of integrated ultraviolet exposure of 300 mj/cm 2 to obtain a cured film. The film so prepared 
did not show any sign of exfoliation at a peel-off test with a cellulose adhesive tape but it showed dose adhesion 
to the base. 

When the cured film prepared under the same condition was kept in a 2% aqueous solution of sodium hy- 
droxide at 70 °C for 20 minutes, the cured film detached in a filmy form and no trace of prints was observed 
30 on the polyethylene terephthaiate base. 

Working Example 3 

The double bond-containing oligomer obtained in Preparation Example 1, B-1 (14.2 g), an aliphatic ur- 

35 ethane hexaacrylate (4.9 g), a fluorine macromer (5.9 g) f monoacryloyioxyethyi succinate (4.5 g), the epoxy 
novolak acrylate-succinic ester obtained in Preparation Example 2, (b) (2.5 g), trimethyiol propane triepoxy- 
acrylate (3.9 g), tolyloxyethyl acrylate (3.9 g), phenoxyethyl acrylate (9.4 g), and acryloylmorpholine (9.8 g) 
were mixed to give an ink vehicle mixture with 25.8 acid value. 

A pigment dispersing agent, Disperbyk-110™ (0.5 g f manufactured by Byk-Mallinckrodt Chemische Pro- 

40 dukte GmbH) was added to the ink vehicle mixture and the resultant mixture was mixed homogeneously by 
stirring. Then, 30.0 g of titanium oxide, TIPAQUE CR-580™ (Tshihara Sangyo K.K., Japan), 6.0 g of a photo- 
polymerization initiator acylphosphine oxide, 2.0 g of fluorinated polyolefin wax, 1.5 g of a surfacer, VERSA- 
FLOW BASE™ (manufactured by Shamrock Chemicals Corp.), 1 .0 g of a defoamer, AQUALEN N™ (manufac- 
tured by Kyoeisha Yushi K.K., Japan), and 0.04 g of a thermal polymerization inhibitor, p-methoxyphenol were 

45 added to the mixture followed by stirring for a while and the product was kneaded by a roll mill to give an ink 
with dispersion particle sizes of less than 5 microns. 

An untreated polyethylene terephthaiate sheet was screen printed with the ink thus obtained in the same 
manner as described in Working Example 1 and the printed product was radiated with a 120 W/cm metal haiide 
lamp to the extent of integrated ultraviolet exposure of 300 mj/cm 2 to obtain a cured film. The film so prepared 

so did not show any sign of exfoliation at a peel-off test with a cellulose adhesive tape but it showed close adhesion 
to the base. 

When the cured film prepared under the same condition was kept in a 2% aqueous solution of sodium hy- 
droxide at 70 °C for 30 minutes, th cur d film detached in a filmy form and floated in the solution. No trace 
of prints was observed on the polyethylene terephthaiate base. 

55 

Working Example 4 

The double bond-containing oligomer obtained in Preparation Example 1, B-1 (19.6 g), phenoxyethyl ac- 
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rylate (19.7 g), tolyloxyethyl acrylate (6.6 g) t acryioylmorpholine (16.1 g), trimethylol propane triepoxyacrylate 
(6.6 g), 6 functional group-containing urethane EBECRYL™ (8.2 g, manufactured by DAICELUCB Co., Ltd), 
monoacryloytoxyethyl phthalate (7.2 g), the bisphenol Aepoxy acrylate-phthaiic ester obtained in Preparation 
Example 2. (a) (2.0 g) t and the block copolymer solution (14.0 g) which is prepared by mixing and dissolving 

5 acryioylmorpholine (71 .0 wt%), a fluorine block copolymer, Modiper F600™ (20.5 wt%, Nippon Yushi K.K., Ja- 
pan) and a silicon block copolymer, Modiper FS700™ (8.5 wt%, Nippon Yushi K.K.. Japan), were mixed by stir- 
ring to give homogeneous vehicles with 17.9 acid value. 

Then, a pigment dispenser, Anti-Terra-U™ (0.2 g, manufactured by Byk-MalJinckrodt Chemische Produkte 
GmbH) and p-methoxyphenol (0.05 g) were dissolved in the vehicle (92.0 g) in advance, followed by dispersing 

10 Raven 450™ (1.5 g, manufactured by Columbian Chemicals Co.), Raven 1350™ (1.5 g, manufactured by Co- 
lumbian Chemicals Co.) and Titan Black 10S™ (5.0 g, manufactured by Mitsubishi Material K.K., Japan) and 
kneading by a roll mill extensively to afford coloring vehicles with dispersion particle sizes of less than 5 mi- 
crons. 

To 96.5 g of the coloring vehicle were aaaed 2.0 g of a fluorinateti poiyolef in wax. C.5 g cf a surracsr. 3 YK- 
15 306™ (manufactured by 3yk-Maiiinckrcct Chemische Produkte GmOH) anc 1.0 g cf a cef earner. Aqualene™ 
(manufactured by Kyoeisha Yushi K.K.. Jacan), and the resultant mixture was sirred extensively by a dissoiver 
re produce a biack ink for EE curing. 

An unreatec poiyetnyiene terecntnsiate sneet was screen primed with the biark ink :~us cots-ned dv 
means of a 330 mesh screen and :he nnnted ink was cured in 6 Mrad (165 KV. 3.2 mA. 10 m/m;n.* witn an E3 
20 raaiation device. C3250- 5 - SQL™ f manufactured by I wasaki Denki K.K., Japan 1 :c fen- a tack-free cured coat- 
ing film. The f iim so prepared d:c not sriow any sign of exfoliation at a peel-off test with a celiuiose adhesive 
tape but it showed close adhesion to the base. 

When the cured fiim was dipped in a 5% aqueous solution of sodium hydroxide at 80 3 C for 5 minutes, the 
cured film detached in filmy form completely from the base. Neither trace of prints nor any sign of erosion by 
25 an aqueous alkaline solution was observed on the polyethylene terephthalate base. 



Claims 

A radiation-curing ink composition which comprises a vehicle mixture comprising: 

(A) an ingredient selected from the group consisting of a skeletal linear polyester oligomer having 1 to 
10 double bonds in a molecule and a polymer of the oligomer, 
- 8tt ff ry! Ktittnits^CL.tKil fiuiu Uic ^Totip corrsistnT^' of <r dotfttc^ twf itl-uui ilcunuftj csirfaoTcytfc 3crd w herc- 
in the acid has at least one acidic group which is capable of forming a water-soluble alkali metal salt 
in a molecule, a carboxylic ester of the acid and a carboxylic amide of the acid, 

(C) a double bond-containing carboxylic ester, having 2 to 1 0 acidic groups which are capable of forming 
an alkali metal salt capable of swelling with water absorption, 

(D) an ingredient selected from the group consisting of afluorinated double bond-containing carboxylic 
ester wherein the fluorine component is oriented on the surface of a copolymer or polymer to give water- 
repellency, a block copolymer which comprises a surface-oriented and water-repellent fluorinated alkyl 
group-containing polymer segment and a (meth)acrylic polymer segment, and a block copolymer which 
comprises a surface-oriented and water-repellent siloxane group-containing polymer segment and a 
(meth)acryiic polymer segment, 

(E) a double bond-containing polycarboxylic ester, and 

(F) an ingredient selected from the group consisting of a double bond-containing monocarboxylic ester 
and its amide, wherein the acid value of the vehicle mixture is from 5 to 100. 

The radiation-curing ink composition according to claim 1 f wherein the ink composition further comprises 
0 to 20 parts by weight of a photopolymerization initiator, 0 to 20 parts by weight of a photosensitizes 0 
to 50 parts by weight of an organic and/or inorganic pigment to 100 parts by weight of the said vehicle 
mixture. 

The radiation-curing ink composition according to claim 1, wherein the ingredient (A) is an oligomer or 
polymer select d from those which contain at least one vinyl group, allyl group, (meth)acryloyl group, or 
crotonyl group. 

The radiation-curing ink composition according to claim 1, wherein th ingredient (A) is an oligomer or 
polymer selected from polyurethane (meth)acrylates derived from a polyester polyol compound, a polyi- 
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socyanate compound and a compound having a methacryfoyl or acryloyl group and an active hydrogen 
group as starting compounds. 

5. The radiation-curing ink composition according to claim 4, wherein the polyester polyol compound is syn- 
5 thesized from a dicarboxylic acid component and a glycol component wherein the dicarboxylic acid com- 
ponent is selected from the group consisting of an aromatic dicarboxylic acid, an aliphatic dicarboxylic 
acid, an alicyclic dicarboxylic acid and a heterocyclic dicarboxylic acid and the glycol component is se- 
lected from the group consisting of an alkylene glycol, a dialkylene glycol, cyciohexanedimethanol, spiro 
glycol, 1,4-phenyiene glycol, a bisphenol A ethylene oxide or polyethylene oxide additive, and polyethy- 

to lene glycol. 

6. The radiation-curing ink composition according to claim 4, wherein the polyisocyanate compound is se- 
lected from the group consisting of 2.4-trilene diisocyanate. diphenyimethane diisocyanats. 1 .3-diisocyan- 
ate methyicydohexane. 1.4-diisocyanaie mernyicyrichexane. 4.4'-diisocyanare aicyaonexane. 4.4*-di:- 

15 socyanate dicyciohexyimethane. and isopnorone diisocyanate. 

7. The radiation-curing ink comDOsirion according tc ciarm 4. wherein the compound having a rrreirracryicyi 
cr acryioyi group and an azrve rycrogen grcup is seiecsc from the grouc consisting cf a dirryarc aicohoi 
mono{meih)acryiais, uinycnc ajconoi mono- or dM v meih)acry»ate. poiy^ydric aicohoi ime:h)acryiais nav- 
;nc si ieast one hydroxy crcLip. s (it: str.} aery; sis cf an aiccmc; containing 4 cr mere nycrcxy groups, a 
ny^iraxy grou^-ccrrtairiing cnmccunc aerived from (meth)acryiation of a caproiacrone additive of the afore- 
mentioned alcohol, and a ring-opening additive of a methacryiic or acrylic acid with the glycidyl ether of 
a dihycric or poiyhydric alcchci or a phenolic hydroxy group-containing compound. 

The radiation-curing ink composition according to claim 1 . wherein the ingredient (B) is selected from the 
group consisting of a monomer which contains at least one vinyl group, allyl group, (meth)acryloyi group, 
or crotonyl group, and at least one carboxyl group, sulfonyl group, or phosphoryl group, a homopolymer 
of the monomer and a copolymer of the monomer. 

9. The radiation-curing ink composition according to daim 1, wherein the ingredient (B) is synthesized by 
30 reacting a compound having a double bond and a hydroxy! group in the same molecule, with a cydic acid 

anhydride corresponding to its hydroxyl equivalent. 

tO. The radjatioff-cunrKj m#c compoartjon accoFdwrg' to ck&wn *t, wtwfwrrttrff nwjreffiwit f& Autectod from the 

group consisting of an acid anhydride-carboxyiated (meth)acrylic acid-alkylene oxide additive, an acid an- 
35 hydride-carboxylated (meth)acrylic acid-caprolactone additive, an acid anhydride-carboxyiated 

(meth)acrylic acid-monoglycidyl ether additive, an acid anhydride-carboxyiated methyiol (meth)acrylic 
amide, (meth)acryioxyethylphosphate, (met h)acryloxyethyi phosphoryl phenyl, di(meth)acryioxyet tri- 
phosphate, (meth)acryioxyethylsulfonate, and di(meth)acryloxyethylsuccinylsulfonate. 

40 11. The radiation-curing ink composition according to claim 10, wherein the acid anhydride is selected from 
the group consisting of saturated or unsaturated aliphatic dicarboxylic anhydrides, alicydic dicarboxylic 
anhydrides, aromatic dicarboxylic anhydrides and tricarboxylic anhydrides. 

12. The radiation-curing ink composition according to claim 10, wherein the acid anhydride is succinic anhydr- 
^ ide, maleic anhydride, itaconic anhydride, dodecylsuccinic anhydride, phthalic anhydride ortetrahydroph- 

thalic anhydride. 

13. The radiation-curing ink composition according to claim 1, wherein the ingredient (C) is selected from the 
group consisting of a monomer which contains at least one vinyl group, allyl group, (meth)acryloyl group, 
or crotonyl group, and at least two carboxyl groups, sulfonyl groups, or phosphoryl groups, a homopolymer 
of the monomer and a copolymer of the monomer. 



50 



14. The radiation-curing ink composition according to daim 1, wherein the ingredient (C) is synthesized by 
reacting an epoxy-acrylate or methacrylate obtainable by ring-opening sterif ication of a poly-epoxy com- 
pound and a methacryiic acid or acrylic acid, with a cyclic acid anhydrid . 

55 

15. The radiation-curing ink composition according to claim 14, wherein the epoxy-acrylate or methacrylate 
is selected from the group consisting of neopentyl glycol diglycidyl ether-(meth)acrylic acid products, 1,6- 
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hexanediol digiycidyl ether-(meth)acrylic acid products, trimethyiol propane, tngiycidyi ether- 
(meth)acrylic acid products, bisphenol Agiycidyl ether-(meth)acrylic acid products, epoxyphenoinovolak- 
(meth)acrylic acid products, and phthaiic acid glycidyi ether-(meth)acrylic acid products. 

16 The radiation-curing ink composition according to claim 14, wherein the acid anhydride is succinic anhydr- 
ide, maleic anhydride, itaconic anhydride, dodecylsuccinic anhydride, phthaiic anhydnde, tnmellitic an- 
hydride or tetrahydrophthalic anhydride. 

17. The radiation-curing ink composition according to claim 1, wherein the ingredient (D) is a water-repellent 
fluorinated double bond-containing carboxylic ester wherein the fluorine component in the copolymer ts 
oriented on the surface of the copolymer. 

18. The radiation-curina ink composition according to claim 17. wherein the carboxylic ester is a fluorinated 
.aiconotic residue-containing ester or a fiuorinarec macromer wnerein the base cnsin has a f -uorne grace 
anc the siae chain is pendented with an acryioyi or methacryioyl grouc. 

19. Tne radiation-curing ink carnposfcon according a c:aim 17, wherein tne carbcxyiic ester is se^ec-d *rom 
tre ctduz ccrtsiscnc of utfiuoroeinyi trneth:eeryisis. tetrafiuoracroDv ime£r;acryiss. ociHr:uoraceniy; 
tmet";acryiat5. anc neCTCscafiucrcdecyi imeiniacryiars. 

20. The rariiaiiar^nc ink comocsitcr ac=niing tc ciaim 17. wnerein the carocxyiic ester is combined in 
the range cf 1 to 20 parts by weignt per 100 parts of the vehicle mixture. 

21 The radiationH^ring ink composition according to ciaim 1 , wherein the ingredient (D) is a block copolymer 
which comprises a surface-oriented and water-repellent fluorinated alkyl group-containing polymer seg- 
ment and a (meth)acryiic polymer segment. 

22. The radiation-curing ink composition according to claim 21 . wherein the block copolymer is combined in 
the range of 1 to 10 parts by weight per 100 parts of the vehicle mixture. 

23. The radiation-curing ink composition according to claim 1 , wherein the ingredient (D) is a block copolymer 
which comprises a surface-oriented and water-repellent siloxane group-containing polymer segment and 
a (meth)acrylic polymer segment 

24. The radiation-curing ink composition according to daim 23, wherein the block copolymer is combined m 
the range of 0.5 to 10 parts by weight per 100 parts of the vehicle mixture. 

25. The radiation-curing ink composition according to ciaim 1, wherein the ingredient (D) is the mixture of two 
or three members selected from the group consisting of 

(1) a water-repellent fluorinated double bond-containing carboxylic ester wherein the fluorine compo- 
nent in the copolymer is oriented on the surface of the copolymer molecule, 

(2) a block copolymer which comprises a surface-oriented and water-repellent fluorinated alkyl group- 
containing polymer segment and a acrylic polymer segment, and 

(3) a block copolymer which comprises a surface-oriented and water-repellent siloxane group- 
containing polymer segment and a (meth)acrylic polymer segment 

26. The radiation-curing ink composition according to claim 25, wherein the total amount of said three com- 
ponents is in the range of 1 to 10 parts by weight per 100 parts of the vehicle mixture. 

27. The radiation-curing ink composition according to claim 1 , wherein the ingredient (E) is selected from the 
group consisting of dihydric alcohol di(meth)acrylates, trihydric alcohol tri(meth)acrylates, polyhydric al- 
cohol (meth)acrylates, epoxy (meth)acrylates, urethane (meth)acrylates, polyester (meth)acrylates, 
polyether (meth)acrylates, and polybutadiene (meth)acrylates. 

28. The radiation-curing ink composition according to claim 1 , wherein the ingredient (F) is selected from the 
group consisting of 2-ethylhexyl (meth)acrylate, cyclohexyl (met h)acry late, dicyclopentanyl 
(meth)acrylate, benzyl (meth)acrylate, phenoxyethyl (m th)acrylate, tolyloxyethyl (meth)acrylate, ethox- 
yethyl (meth)acryiate, ethylcarbitol (meth)acrylate, isobornyl (meth)acrylate, methoxypropyiene glycol 
(met h)acry late, (meth)acryloylmorpholine, N-vinylpyrrolidone, N-vinylcaprolactam, N,N-diethytaminoe- 
thyl (meth)acrylate, t-butylaminoethyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl 
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(meth)acrylate, 3-butoxy-2-hydroxypropyi (meth)acrylate, caprolactone-modified 2-hydroxyethyl 
(meth)acrylate, 3-phenoxy-2-hydroxypropyl (meth)acrylate, glycidyl (meth)acrylate, and EO-modrfied 
butoxylated phosphoric acid (meth)acrylate. 

29. A printing method comprising painting with the radiation-curing ink composition of claim 1 , and then treat- 
ing the ink composition with radiation. 

30. A method for removing the radiation-curing ink composition of claim 1 , which comprises painting with the 
radiation-curing ink composition of ciaim 1 1 then treating the ink composition with radiation to form a cured 
film and eliminating the cured film with an aqueous alkali solution. 
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